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SUSTAINED RELEASE PHARMACEUTICAL 
FORMULATION 

0001. This application claims benefit of provisional 
application Serial No. 60/271,828 which was filed on Feb. 
27, 2001 and which is incorporated by reference hereinto in 
its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates to a controlled release phar 
maceutical formulation, and, more particularly, to a formu 
lation comprising (a) a water Soluble medicament and (b) a 
mixture of polymers comprising a first mixture of polyvinyl 
acetate and polyvinyl pyrrollidone combined with a cellulose 
ether. 

0004 2. Description of the Related Art 
0005. Many water soluble medicaments are poorly 
absorbed or transported in the body of a patient being 
treated, i.e. a human being or another animal, possibly due 
to a combination of Several factors including large molecular 
size, ionization, high Surface charge, enzymatic and chemi 
cal instability and low permeability of absorption barriers in 
the patient's body. In numerous therapies, drug dosimetry is 
increased by orders of magnitude to achieve minimum 
Systemic concentrations required for efficiency. 
0006 The clinical and pharmaceutical chemistry sci 
ences, in an attempt to accomplish the highest level of 
therapeutic benefit for those drugs or compounds, have 
resorted to chemical modifications as a principal mode for 
improving biological activity of these drugs in the body of 
the patient. The mode of drug administration to the body has 
also gradually expanded from oral and parenteral to trans 
dermal, rectal and the pulmonary routes of administration, 
i.e., nose and lung. Success and achievement with these drug 
delivery approaches are mixed largely due to lack of accep 
tance of the newer, complex molecules that must be used for 
treating difficult diseases of the body, e.g., infections, malig 
nancies, cardiovascular, endocrine, neurologic diseases, and 
a variety of immunologically compromised diseases, like 
AIDS. 

0007 Accordingly, what is desired and needed is a for 
mulation System comprising an active pharmaceutical ingre 
dient (“API”) that is stable and protected by a rate-limiting 
carrier, easily manufactured and therapeutically effective 
when administered to a patient, i.e., a human being or 
another animal. 

SUMMARY OF THE INVENTION 

0008. This invention relates to a modulated release or 
Sustained release pharmaceutical formulation, and, more 
particularly, to Such a formulation comprising a water 
Soluble medicament combined with a carrier comprising a 
mixture of polymers. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0009. The present invention relates to a sustained, modu 
late or controlled pharmaceutical formulation comprising 
(1) a selected water Soluble medicament or drug, (2) a 
Suitable construct with which the drug is associated, i.e. is 
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embedded, therewith or being part of the construct. By 
embedded is meant that the drug is homogeneously distrib 
uted throughout the construct. The construct provides a 
modulated release of the associated, e.g. embedded, drug to 
the body of a patient, e.g. a human being or another animal, 
when the construct is administered, e.g. orally, to the patient. 
0010. The formulation is ideally intended to be adminis 
tered to the patient in an oral dosage form, typically com 
prising but not limited to, a tablet, a capsule or caplet. 
0011 Suitable therapeutic medicament categories of 
drugs or medicaments are those which are water Soluble or 
water Soluble to Some degree and which can be administered 
to a patient orally, and include cardiovascular drugs, anti 
allergics, analgesics, bronchodialators, antihistamines, anti 
tuSSives, antifungals, antivirals, antibiotics, antidepressants 
and other pain medicaments, antiinflamatories, analgesics 
etc. Particularly Suitable medicaments include a pharmaceu 
tically acceptable acid addition Salt of hydroxy Zine, a phar 
maceutically acceptable acid addition Salt of metoprolol e.g. 
tartrate; Succinate, fumarate, niacin; caffeine; theophylline; 
a pharmaceutically acceptable acid addition Salt of dilt 
iazem; a pharmaceutically acceptable acid addition Salt of 
albuterol; a pharmaceutically acceptable acid addition Salt of 
metformin; a pharmaceutically acceptable acid addition Salt 
of metronidazole; a pharmaceutically acceptable acid addi 
tion Salt of metoclopramide; a pharmaceutically acceptable 
acid addition Salt of ranitidine, a pharmaceutically accept 
able acid addition Salt of captopril; pharmaceutically accept 
able acid addition Salt of nefazodone; pharmaceutically 
acceptable acid addition Salt of Zolpidem; pharmaceutically 
acceptable acid addition Salt of Sertraline, pharmaceutically 
acceptable acid addition Salt of labetalol, pharmaceutically 
acceptable acid addition Salt of atenolol. 
0012 For purposes of the formulations of this invention, 
which are illustratively, typically intended for tabletting into 
a tablet unit dosage form, the medicament, e.g. water Soluble 
biotherapeutic medicament or drug, is associated with the 
construct carrier with which it is destined to be combined. 
By “associate' or “associated” is meant that the medicament 
is embedded within a matrix or a part of the matrix along 
with the other component making up the construct or is 
homogeneously distributed within the carrier matrix, or is on 
the Surface of the carrier matrix. 

0013 A suitable construct is selected. Such a construct is 
one which will incorporate or embed the Selected medica 
ment and provide a controlled or modulated release of the 
medicament therefrom into the gastrointestinal tract to be 
carried to the Sites of action or application in the body. 
0014) A suitable carrier construct comprises a mixture of 
polymers. The polymer mixture comprises a mixture having 
a first component combined with a Second component. The 
first component of the polymer mixture comprising about 80 
weight percent polyvinyl acetate combined with about 20 
weight percent of polyvinyl pyrrollidone. The Second com 
ponent of the polymer mixture comprising a cellulose ether 
polymer. The first component of the polymer mixture further 
comprising an amount from about 20 weight percent to 
about 90 weight percent of the total weight of the formula 
tion or construct and the Second component further com 
prising an amount from about 2 weight percent to about 60 
weight percent of the total weight of the formulation or 
construct, with the remainder comprising the water Soluble 
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medicament or mixture of medicaments, alone or with 
Suitable excipients, as discussed hereafter. 
0.015. A suitable cellulose ether polymer is one having a 
Structure 

0016. These polymers are commercially available from 
the Dow Chemical Company, Midland, Mich., under the 
Tradename “METHOCEL', e.g. METHOCEL A. SERIES 
and from Shien Etsu Chemical Co. Ltd., Niigata, Japan. 
Another Suitable cellulosic polymer is a hydroxypropoxyl 
methyl cellulose polymer having a structure, 

CHCHCH 

CHCHCH O 

OH CH 

0.017. These polymers are commercially available from 
the Dow Chemical Company, Midland, Mich., under the 
tradename “METHOCEL', e.g. METHOCEL E, F, J, K 
SERIES and from Shien Etsu Chemical Co. Ltd., Niigata, 
Japan, e.g. Metolose and LH series. Preferably the formu 
lation comprises a mixture of at least two of the foregoing 
components. 

0.018. The dosage form, e.g. a tablet, utilizes the formu 
lation, i.e. the construct or the matrix having the medicament 
asSociated therewith. 

0019. The water soluble medicaments, of the formulation 
and the Sustained/prolonged release dosage form of the 
present invention, comprise a group of pharmaceutically 
active drugs having a Solubility greater than 1 gram (g) of 
drug in about 1000 milliliters (ml) of water (from very 
Soluble to slightly Soluble)-to 1 gram(g) compounds that 
will require less than 1000 ml to dissolve the drug. 
0020 Some drugs having such a solubility in water 
include, but are not limited to, metoprolol, nefazodone, 
Zolpidem, Sertraline, labetatol, atenolol, metformin, niacin, 
caffeine and theophylline. Drugs not having a Solubility in 

Sep. 19, 2002 

water greater than about 1 g/1000 ml of water may be 
Solubilized by the addition of a Solubilizing agent in the 
matrix e.g. Surfactants, or by the addition of pharmaceuti 
cally acceptable acid Salts. These Salts include Salts of 
mineral acids, for example, hydrochloric acid, Sulfuric acid, 
nitric acid and the like; Salts of monobasic carboxylic acids, 
Such as, for example, acetic acid, propionic acid and the like; 
Salts of dibasic carboxylic acids, Such as, for example, 
maleic acid, fumaric acid, tartaric acid, Succinic acid and the 
like; and Salts of tribasic carboxylic acids, Such as, for 
example, carboxySuccinic acid, citric acid and the like. 
0021 Preferred pharmaceutically acceptable basic addi 
tion Salts include Salts of alkali metals, e.g. Sodium or 
potassium; alkaline earth metals, e.g., calcium or magne 
sium; or complex Salts, e.g., ammonium or Substituted 
ammonium Salts. Such as mon-, di- or trialkylammonium 
Salts or mono, di- or trihydroxyalkylammonium Salts. 

0022. The cellulosic polymers of the formulations and 
Sustained/prolonged release dosage forms of the present 
invention comprise glucose polysaccharide ethers having 
multiple glucose units and methyl, ethyl, hydroxyethyl, 
hydroxypropyl or hydroxypropyl methyl Substitution. 
Exemplary cellulosic polymers having methylether Substi 
tution are the Methocel series, i.e., Methocel E, Methocel A, 
Methocel K, Metoloses and the Ethocels, for example, 
Ethocel P20 and low-substituted hydroxpropyl ether cellu 
lose polymers, LH Series. 

0023 The formulations of the invention can be adminis 
tered orally, for example, with an inert diluent, coated or 
encapsulated, including finished matrix tablets contained in 
a capsule. Typically the formulation is manufactured by 
using conventional blending or granulating, milling, and/or 
Sieving followed by tabletting. Granulation is used to 
achieve a particle Size, improve homogeneity and reduce 
adherence. Coating may occur after granulation or tablet 
ting. 

0024. For the purpose of oral therapeutic administration, 
the compounds can be incorporated with excipients and also 
used in the form of troches, capsules, chewing gums, as well 
as tablets, capsules, and caplets. These preparations should 
contain at least 0.5% of active compound, but the amount 
can be varied depending upon the particular form and can 
conveniently be between 4.0% to about 70% of the dosage 
form. 

0025 Tablets, pills, capsules, troches, and the like can 
contain the following ingredients: a binder, Such as Starch, 
polyvinyl pyrrolidone, gum tragacanth or gelatin; a filler, 
Such as microcrystalline cellulose or lactose; a disintergrat 
ing agent, Such as croSpoVidone, Sodium Starch glycolate, 
corn Starch, and the like; a lubricant, Such as magnesium 
Stearate, Stearic acid, glyceryl behenate, a glidant, Such as 
colloidal Silicon dioxide and talc, a Sweetening agent, Such 
as Sucrose or Saccharin, aspartame, aceSulfame-K, or fla 
Voring agent, Such as peppermint, methyl Salicylate, or 
orange flavoring. When the dosage unit form is a capsule, it 
can contain, in addition to material of the above type, a 
liquid carrier, Such as a fatty oil. 

0026. Other dosage unit forms can contain other materi 
als that modify the physical form of the dosage, for example, 
as coatings. Thus, dosage forms, for example tablets and 
capsules, can be coated with Sugar, shellac, Sustained and 
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other enteric coating agents. Materials used in preparing 
these compositions should be pharmaceutically pure and 
nontoxic in the amounts used. 

0027. It is to be understood, however, that for any par 
ticular Subject, Specific dosage regimens should be adjusted 
to the individual need and the professional judgement of the 
perSon administering of the formulations of the invention. It 
is to be further understood that any particular dosage Set 
forth herein are exemplary only and that they do not, to any 
extent limit the Scope or practice of the invention. 
0028 Surfactants, which may optionally be employed 
with the oral formulations, e.g. tablets of the present inven 
tion, comprise polySorbates, Such as ethers of polyoxyeth 
ylene Sorbitan and fatty acids. Exemplary Surfactants are 
polysorbate 80 and polyoxyethylene 20 sorbitan monoleate, 
polyoxyXethylene alkyl ethers of the Brig- or Volpo Series, 
Cremophor RH, Cremophor El, polyoxethylene Sorbitant 
fatty acid esters of the Tween- or Crillet series, polyoxyeth 
ylene Stearates of the CeroSynt- or Myr Series, lecithin, 
poloxamers, d-2-tocophenyl polyethylene glycol 1000 Suc 
cinate (Vitamin ETPGS) and saturated polyglycolized glyc 
erides (Labrosol, Labrafile and Gelucires), polysorbate 80 
being preferred. 

0029 AS indicated above, the formulations or constructs 
of the present invention may contain other various materials 
which modify the physical form of the dosage form (the 
Subject construct), for example, as coatings, or tablet(s) 
contained within a capsule. Thus, particles of the Subject 
controlled release formulation of the present invention may 
be coated with Sugar, shellac, Sustained and other enteric 
coating agents. Materials used in preparing these various 
compositions should be pharmaceutically pure and non 
toxic in the amounts used. 

0.030. In a variation of the above alternative embodiment, 
the resultant construct is treated whereby only the top 
Surface area thereof has a shell coating thereon. In this 
regard, reference is made to U.S. Pat. No. 5,916,584, incor 
porated hereinto by reference in its entirety, which describes 
the proceSS for forming Such a shell. The resulting formu 
lation is one which provides a delay time prior to release of 
the water Soluble active ingredient or ingredients to the 
patient being treated. 

0031. It is to be understood that the medicament, e.g. 
water Soluble medicament, can be employed in the formu 
lation alone or combined with another medicament. The 
amount of medicament or medicaments is one which is 
Sufficient to therapeutically treat a disease State in the patient 
being treated thereby. 

0.032 The term “amount” as used herein refers to a 
quantity or a concentration as appropriate to the context. The 
amount of drug that constitutes a therapeutically effective 
amount varies according to factorS Such as the potency of the 
particular biotherapeutic medicament, the route of adminis 
tration of the formulation and the mechanical System used to 
administer the formulation. A therapeutically effective 
amount of a particular drug or combination of drugs can be 
selected by those of ordinary skill in the art with due 
consideration of Such factors. Generally, a therapeutically 
effective amount of a biotherapeutic medicament in tablet 
form for oral administration will be from about 1.0 mg to 
about 300 mg of the active ingredient or medicament. 
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0033. The formulation of the water soluble medicaments, 
of the present invention is useful for the treatment, e.g. by 
oral administration, of various diseases and disorders, for 
example, hydroxy Zine hydrochloride as an anxiolytic or 
antihistamine, metoprolol as an antihypertensive or anti 
anginal agent, niacin (nicotinic acid) as a vitamin enzyme 
cofactor or lipid altering agent, caffeine as a central nervous 
System Stimulant, theophylline as a bronchodilator, dilt 
iazem as an anti-anginal agent, albuterol as a bronchodilator, 
metronidazole as an antibacterial, metochlopramide as an 
anti-emetic, captopril as an antihypertensive, nefazodone as 
an antidepressant agent, Zolpidem as an anxiolytic agent, 
Sertraline as an antidepressant agent, labetalol and atenolol 
as antihypertensive agents. The drugs are readily available 
from commercial Suppliers. 
0034) Typically, the Sustained/prolonged release pharma 
ceutical unit dosage forms are prepared by Several processes, 
including but not limited to direct compression (direct 
blending of ingredients followed by compression), modified 
direct compression (partial granulation followed with direct 
blending and compression), and wet granulation (wet mass 
and blending of all excipients followed by compression). All 
finished dosage forms can be followed with a combination 
of rapid enteric and/or Sustained coating Systems. 
We claim: 

1. A Sustained/prolonged release pharmaceutical formu 
lation comprising: 

(a) a water Soluble medicament and (b) a polymer mixture 
comprising a first component comprising about 80 
weight percent of polyvinyl acetate combined with 
about 20 weight percent polyvinyl pyrrolidone of the 
total weight of Said first component, combined with a 
Second component comprising a cellulose ether poly 
C. 

2. A pharmaceutical unit dosage form according to claim 
1 wherein Said first component is present in an amount 
ranging from about 20 weight percent to about 90 weight 
percent of the total formulation and Said Second component 
ranges from about 2 weight percent to about 60 weight 
percent of the total weight of the formulation. 

3. The formulation according to claim 2 wherein Said 
cellulose ether polymer is Selected from the group consisting 
of methyl-, ethyl-, hydroxyethyl-, hydroxypropyl- or 
hydroxypropyl methyl-substituted polymers of Methocel A 
series; hydroxypropyl methyl celluloses of METHOCELE, 
F, J, or K Series at various Viscosity grades, different 
Viscosity grades of hydroxy proplyl celluloses of Klucel, or 
Methocel Series, a low Substituted grades of hydroxypropyl 
celluloses of the LH series, and ethyl celluloses of ETHO 
CEL P Series, or a mixture of any of the foregoing ethers. 

4. The formulation according to claim 3 wherein said 
water Soluble medicament is Selected from the group con 
Sisting of a pharmaceutically acceptable addition Salt of 
hydroxy Zine, a pharmaceutically acceptable addition Salt of 
metoprolol, niacin, caffeine, theophylline, a pharmaceuti 
cally acceptable acid addition Salt of diltiazem, a pharma 
ceutically acceptable acid addition Salt of albuterol, a phar 
maceutically acceptable acid addition Salt of metformin, a 
pharmaceutically acceptable acid addition Salt of metron 
idazole, a pharmaceutically acceptable acid addition Salt of 
metolopramide, a pharmaceutically acceptable acid addition 
Salt of ranitidine, a pharmaceutically acceptable acid addi 
tion Salt of captopril, a pharmaceutically acceptable acid 
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addition Salt of nefazodone; a pharmaceutically acceptable 
acid addition Salt of Zolpidem; a pharmaceutically accept 
able acid addition Salt of Sertraline; a pharmaceutically 
acceptable acid addition Salt of labetalol, and a pharmaceu 
tically acceptable acid addition Salt of atenolol. 

5. A pharmaceutical construct comprising: 

(a) a water Soluble medicament; 
(b) a polymer mixture comprising (a") a first component 

comprising about 80 weight percent of polyvinyl 
acetate combined with about 20 weight percent poly 
vinyl pyrrolidone of the total weight of said first 
component; combined with (b) a Second component 
comprising a cellulose ether polymer. 

6. The pharmaceutical construct as defined in claim 5, 
wherein Said first component is present in an amount ranging 
from about 20 weight percent to about 90 weight percent of 
the total formulation and Said Second component ranges 
from about 2 weight percent to about 60 weight percent of 
the total weight of the formulation 

7. The pharmaceutical construct as defined in claim 6 
wherein Said cellulose ether is Selected from the group 
consisting of methyl cellulose, hydroxy propyl cellulose, 
hydroxy propyl methyl cellulose METHOCEL A series, 
METHOCELE series, METHOCEL F series, METHOCEL 
K series, Metoloses LH series, ETHOCEL P series, or a 
mixture of any of the foregoing cellulose ethers. 

8. The pharmaceutical construct as defined in claim 7 
wherein Said water Soluble medicament is Selected from the 
group consisting of a pharmaceutically acceptable addition 
Salt of hydroxyzine, a pharmaceutically acceptable addition 
Salt of metoprolol, niacin, caffeine, theophylline, a pharma 
ceutically acceptable acid addition Salt of diltiazem, a phar 
maceutically acceptable acid addition Salt of albuterol, a 
pharmaceutically acceptable acid addition Salt of metformin, 
a pharmaceutically acceptable acid addition Salt of metron 
idazole, a pharmaceutically acceptable acid addition Salt of 
metoclopramide, a pharmaceutically acceptable acid addi 
tion Salt of ranitidine, a pharmaceutically acceptable acid 
addition Salt of captopril, a pharmaceutically acceptable acid 
addition Salt of nefazodone; a pharmaceutically acceptable 
acid addition Salt of Zolpidem; a pharmaceutically accept 
able acid addition Salt of Sertraline; a pharmaceutically 
acceptable acid addition Salt of labetalol, and a pharmaceu 
tically acceptable acid addition Salt of atenolol. 

9. A proceSS for the preparation of a Sustained/prolonged 
release pharmaceutical unit dosage form comprising the 
Steps of: 

(a) fluidizing a water Soluble medicament combined with 
a carrier, comprising a polymer mixture comprising a 
first component, comprising about 80 weight percent of 
polyvinyl acetate combined with about 20 weight per 
cent of polyvinyl pyrrolidone of the total weight of said 
first component, combined with a Second component 
comprising a cellulose ether polymer; to form a fluid 
ized mixture; 

(b) direct blending the mixture to form a blended mixture; 
(c) granulating said blended mixture to form a granulated 

mixture, and 
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(d) tabletting said granulated mixture and/or blend to form 
a tablet. 

10. The process according to claim 9 wherein said water 
Soluble medicament is Selected from the group consisting of 
a pharmaceutically acceptable addition Salt of hydroxy Zine, 
a pharmaceutically acceptable addition Salt of metoprolol, 
niacin, caffeine, theophylline, a pharmaceutically acceptable 
acid addition Salt of diltiazem, a pharmaceutically accept 
able acid addition Salt of albuterol, a pharmaceutically 
acceptable acid addition Salt of metformin, a pharmaceuti 
cally acceptable acid addition Salt of metronidazole, a phar 
maceutically acceptable acid addition Salt of metoclopra 
mide, a pharmaceutically acceptable acid addition Salt of 
ranitidine, a pharmaceutically acceptable acid addition Salt 
of captopril, a pharmaceutically acceptable acid addition Salt 
of nefazodone; a pharmaceutically acceptable acid addition 
Salt of Zolpidem; a pharmaceutically acceptable acid addi 
tion Salt of Sertraline; a pharmaceutically acceptable acid 
addition Salt of labetalol, a pharmaceutically acceptable acid 
addition Salt of atenolol. 

11. A modulated release pharmaceutical construct which 
comprises a matrix of a water Soluble medicament associ 
ated with a polymer mixture, where Said mixture comprises 
a first component, comprising about 80 weight percent of 
polyvinyl acetate combined with about 20 weight percent of 
polyvinyl pyrrollidone of the total weight of said first com 
ponent, combined with a Second component comprising a 
cellulose ether polymer and a medicament associated with 
Said matrix. 

12. A Sustained release pharmaceutical composition com 
prising a construct comprising a water Soluble medicament 
and a polymer mixture, comprising a first component com 
prising about 80 weight percent of polyvinyl acetate com 
bined with about 20 weight percent of the total weight of 
Said first component of polyvinyl pyrrollidone, combined 
with a Second component comprising a cellulose ether 
polymer. 

13. A process for preparing a Sustained/prolonged release 
pharmaceutical unit dosage form, which comprises: 

(a) blending a water Soluble medicament with a polymer 
mixture comprising a first component, comprising 
about 80 weight percent of polyvinyl acetate combined 
with about 20 weight percent of polyvinyl pyrrolidone 
of the total weight of Said first component, combined 
with a Second component, comprising a cellulose ether 
polymer, to form a mixture; and 

(b) tabletting said mixture 
14. The process as defined in claim 13 wherein the 

tabletting is conducted under direct compression. 
15. The process as defined in claim 13 wherein said 

polymer and drug are blended by means of wet granulation 
followed by dry blending. 

16. The process as defined in claim 13 wherein all 
materials are wetted prior to Said blending and dried and 
milled after said blending. 


